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(54) SEMICONDUCTOR ACCELERATION SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture easily at 
low cost a biaxial acceleration sensor for detecting two- 
directional acceleration by detecting simultaneously 
compressive stress and tensile stress to apply the 
displacement of an element to the detection of 
acceleration so that vertical acceleration an be detected 
in a plane having diffusion resistance. 
SOLUTION: A sensor element 1 is formed on the 
surface with a detecting diffusion resistance 2, output 
terminal 4 and other circuits. The resistance 2 has 
horizontal 20 and vertical 21 detecting resistances 2. 
The principle of detection is that the element is 
deflected by the application acceleration of the diffusion 
resistance 2, and the acceleration is detected by a 
change in the resistance value of the resistance 
disposed in the side. The detecting diffusion resistance 2 
for detecting two directions of the acceleration is 
disposed such that the horizontal 20 detecting 
resistance 2 is connected to the proximity of a bed seat 

11 by a bridge circuit and the vertical 21 detecting resiatance 2 forms a half-bridge circuit 
having two diffusion resistances 2 as a detecting resistance and two reference resistance. The 
diffusion resistance 2 is of p-type and the diffusion region is determined by the use of logos 
process, so that two-directional acceleration can be detected. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor acceleration sensor characterized by the structure of having a 
detection function for detecting the acceleration of two directions to said admiration distorted 
part in the same field in the semi-conductor acceleration sensor to which the base which has 
the admiration distortion section which detects physical quantity change, the base material for 
[ of said base ] fixing an end at least and said base and base material were connected by the 
connecting means. 

[Claim 2] The semi-conductor acceleration sensor characterized by the configuration whose 
another side have in the second page which an admiration distorted part counters in the semi- 
conductor acceleration sensor to which the base which has the admiration distortion section 
which detects physical quantity change, the base material for [ of said base ] fixing an end at 
least, and said base and base material were connected by the connecting means, and the whole 
surface detects a longitudinal direction and detects the acceleration of the vertical direction. 
[Claim 3] The semi-conductor acceleration sensor characterized by having weight at the edge of 
said base in the semiconductor device containing claim 1 and the semi-conductor acceleration 
sensor of two publications. 

[Claim 4] The semi-conductor acceleration sensor by which the weight of the semiconductor 
device containing a semi-conductor acceleration sensor according to claim 3 is characterized by 
being a bump. 

[Claim 5] The semi-conductor acceleration sensor characterized by forming said admiration 
distorted part by the diffused resistor in the semiconductor device containing claim 1 and the 
semi-conductor acceleration sensor of two publications. 

[Claim 6] The semi-conductor acceleration sensor characterized by the side face of a field in 
which it has a diffused resistor being the thickness of a semi-conductor substrate in the 
semiconductor device containing claim 1 and the semi-conductor acceleration sensor of two 
publications. 

[Claim 7] The semi-conductor acceleration sensor which the side face of the field which has 
said diffused resistor, and the field which has a diffused resistor is the thickness of a semi- 
conductor substrate in the semiconductor device containing a semi-conductor acceleration 
sensor according to claim 6, and is characterized by the configuration from which the ratio of the 
side face of a field which has the width of face and the diffused resistor of the field which has 
said diffused resistor turns into a sensibility ratio to acceleration. 

[Claim 8] In the semiconductor device containing claim 1 and the semi-conductor acceleration 
sensor of two publications The process which forms a diffused resistor in one side or both sides 
of a semi-conductor substrate, and said diffused resistor A longitudinal direction, The process 
which is the configuration of detecting the acceleration of the vertical direction, starts by cutting 
and is used as a component The manufacture approach of the semi-conductor acceleration 
sensor characterized by consisting of a means for taking out a signal from the signal output 
terminal of the process which the field which has the diffused resistor of said component installs 
m parallel to the acceleration direction, and mounts in a base material, and the field which has 
the diffused resistor of said component 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] This invention relates to the field which obtains especially the acceleration of a 2-way 
from the one structure with respect to the semiconductor device containing the semi-conductor 
acceleration sensor which changes a variation rate into an electrical signal using the 
piezoresistance condenser which semiconducting crystals, such as silicon, have. 
[0002] 

[Description of the Prior Art] Drawing 2 is drawing showing the semi-conductor acceleration 
sensor by the micro-machining indicated by JP, 1-3021 67,A, forms a slot 23 by etching near the 
base material of a cantilever, and prepares a thin-walled part There is a diffused resistor in the 
top face of a sensor, and the bridge circuit is constituted. The acceleration of one direction is 
detected in this structure. Moreover, the structure which detects the acceleration of three 
directions is indicated in JP.63-1 18667.A drawing 4 of drawing 3 , and structure as shown in the 
publication number 3-202778. 
[0003] 

[Problem(s) to be Solved by the Invention] In the conventional semi-conductor acceleration 
sensor, the diffused resistor 2 for detecting acceleration, as shown in drawing 2 constitutes a 
bridge circuit on a lot front face. This acceleration sensor is a thing using a piezoresistance 
condenser, and uses the phenomenon in which specific resistance changes with stress. When 
detecting the acceleration of biaxial [ using this structure ], and 3 shaft orientations, it is 
necessary to install at least two or more acceleration sensors in the detectable direction. 
Moreover, when producing the structure of drawing 3 or drawing 4 , the technique for making 
three-dimensional structure objects, such as etching, is required, and the technical problem of 
time and effort when making a sensor in the above approach, and cost quantity is produced. In 
this invention, the approach of producing a biaxial acceleration sensor easily cheaply is offered. 
[0004] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, pattern 
formation, such as a diffused resistor 2 and an output terminal 4, is performed to the semi- 
conductor wafer 10. Here, a diffused resistor 2 is arranged so that the acceleration of right and 
left 20 and the vertical direction 21 may be detected to the same side. Pattern formation starts 
a component in the shape of a dice. Here, the technique by dicing was used. A wire saw is 
sufficient. The field which has the diffused resistor 2 of the component is mounted in susceptor 
so that it may intersect perpendicularly to an acceleration detection side. It carried out by the 
technique of forming weight at the tip of the component of cantilever structure. In addition, P 
type was used for the diffused resistor 2. The value of the piezoresistance coefficient of semi- 
conductors, such as silicon, shows a remarkable anisotropy very greatly compared with a metallic 
material. With P type silicon, specific resistance increases under a tensile stress, and specific 
resistance decreases in compressive stress. Moreover, with N type silicon, it is this reverse. In 
this invention, it applies detecting acceleration by detecting the variation rate of the component 
by acceleration to compressive stress, and detecting a tensile stress to coincidence. In order to 
detect the acceleration of a 2-way, it enabled it to detect the acceleration of right and left 20 
and the vertical direction 21 in this invention to the field which has a diffused resistor 2. 



Moreover, it realized detecting the acceleration of a 2~way by forming the diffused resistor 2 for 
detecting right and left 20 and the vertical direction 21 in the 2nd page which counters. 
[0005] 

[Embodiment of the Invention] The sensor component 1 of this invention is shown in drawing 1 . 
The diffused resistor 2 for detection, an output terminal 4, and other circuits are formed in the 
front face at the sensor component 1. It is the configuration of having the diffused resistor of 21 
right and left 20 and for vertical detection in a diffused resistor 2. The production approach of 
the acceleration sensor of this invention is explained. 

[0006] The manufacture approach is explained using drawing 5 and drawing 6 . As shown in 
introduction drawing 5 (a), pattern formation of the diffused resistor and output terminal which 
are not illustrated is carried out to the semi-conductor wafer 10. At this time, the semi- 
conductor wafer 10 arranged the pattern in the <1 10> directions using (100). Moreover, the 
scribe line for logging is formed. Furthermore, a golden bump is formed in the output terminal 
part which is not illustrated. In the process so far, both sides of the semi-conductor wafer 10 
may be followed, in addition — even if it forms an amplifying circuit, a temperature- 
compensation circuit etc. into pattern formation — natural good " drawing 5 (a)/' 
[0007] Next, a component is taken out with dicing equipment on the basis of a scribe line. 
Although the fixed approach of the semi-conductor wafer to the stage of dicing equipment was 
difficult for it since the bump was formed in the component, at this example, it carried out by 
immobilization by the wax. The tape which has applied adhesion material, of course may be used. 
The sensor component 1 which has a diffused resistor and an output terminal was taken out 
from the semi-conductor wafer 10. " Drawing 5 (b) In addition, in this manufacture approach, in 
order to obtain the sensibility of vertical 21 direction, it is necessary to make a component thin." 
In this invention, the approach of making it thin with back grinder equipment was used. If it is this 
approach, substrate thickness control by micron order can be performed. It is necessary to 
perform a back grinder at the process before taking out a component by dicing. It is not 
necessary to use in a sensibility ratio. 

[0008] The weight for obtaining sensibility was added to the sensor component 1. The ingredient 
of weight 3 is good to use metals, such as molybdenum. The thing of this condition is installed on 
a plinth 1 1. Wiring is attached to the plinth 1 1 in order to take out the electric information from 
the both-sides side of the sensor component 1. In this example, it was with the ceramic. Gold 
performed wiring. The sensor component 1 is fixed with the adhesives which are not illustrated 
to a plinth 1 1. Especially the approach of carrying out hydrogen desorption is good by making a 
hydroxyl group adhere to a front face, and heating at about 300 degrees in the fixed approach. 
The anisotropy electric conduction film was used for the electrical installation of the wiring and 
the sensor component 1 of a plinth 11 in this example. The electric conduction particle with the 
anisotropy electric conduction film small in adhesives is distributed. As for inter-electrode, a - 
particle is sandwiched by thermocompression bonding, and it flows electrically, and a contiguity 
inter-electrode insulation is maintained and can also aim at mechanical junction by hardening of 
adhesives to coincidence. By this method, an output terminal 4 intervenes an electric conduction 
particle with a bump, and a flow is obtained. Since the mechanical stress to the sensor 
component 1 is not applied, either, this approach is a good approach. Moreover, " drawing 6 (a) 
drawing 6 (b)" as which the connection using a wire is sufficient Moreover, in MID (Mold Inter- 
conect Device) which uses a liquid crystal polymer for the wall surface of a package 30, and can 
form wiring, since the method which makes cement mix in between can be done in accordance 
with the terminal formed in the wall surface of a package 30, and the terminal of the sensor 
component 1, it is a very convenient approach. The configurations of a semi-conductor 
acceleration sensor are the configurations with main weight 3 for obtaining the plinth 11 for 
taking out an electrical signal from the sensor component 1 and the sensor component 1, and 
supporting the sensor component 1 further, and sensibility and package 30. 

[0009] The diffused resistor 2 of a side face 100 of a detection principle is the method which the 
sensor component 1 bends, and the diffused resistor 2 arranged on the side face 100 carries out 
a change in resistance with impression acceleration, and detects acceleration. In this invention, 
the configuration of the full bridge circuit where the diffused resistor 2 of** changes was used. 



A typical configuration is shown in drawing 7 . A diffused resistor is visible to the transverse 
plane of drawing. The arrangement of the diffused resistor 2 for detection for 2-way detection of 
this invention connected the diffused resistor 2 for right-andHeft detection by the bridge circuit 
to about 1 1 plinth at the business shown in drawing 1 . Moreover, the diffused resistor for 
vertical 21 detection formed the half bridge circuit where two diffused resistors are considered 
as detection resistance, and it considers two as reference resistance. A diffused resistor 2 
considers as P type, and has determined the diffusion field using the localized-oxidation-of- 
silicon process. Magnitude of a diffused resistor 2 was made into die length of 250 microns, and 
width of face of 7 microns. The specification of each diffused resistor 2 at this time is 5Kohm. 
[0010] The arrangement of a diffused resistor 2 for other 2-way detection is shown in drawing 
8 . The diffused resistor 2 shown as a continuous line is an object for longitudinal-direction 
detection, and the diffused resistor 2 shown with a slash is arrangement of the diffused resistor 
21 for the vertical direction detection. Drawing 8 (a) is wired in the form where the diffused 
resistor 21 of the vertical direction intersects perpendicularly. This uses distortion resistance of 
crystal orientation <110>. This method **** the fault to which area becomes large since it is the 
arrangement which intersects perpendicularly, and sensor component width of face becomes 
thick. In order to use this arrangement, the policy to which the resistance of a diffused resistor 
becomes it high that die length is short is required. Drawing 8 (b) is a method which has arranged 
the diffused resistor 21 of 20 for longitudinal-direction detection, and the vertical direction to 
the longitudinal direction of the sensor component 1. As for this method, 21 for vertical 
detection becomes a half bridge. It has the composition that the longitudinal-direction detection 
20 and the vertical detection 21 detect the detection direction by four diffused resistors 2, as 
for drawing 8 (c). 

[0011] The specification of the sensor of this invention is explained. 6mm (L1=4mm, L2=2mm) 
and width of face w carried out [ die-length I of the sensor component 1 ] to 0.15mm in 0.15mm 
and thickness, [n order to obtain the sensor component 1 of the specification of this size, it is 
required to carry out back grinding of the semi-conductor wafer 10 beforehand, and to perform 
it. Back grinding is a grinder, and since control of micron order can be performed, it can be 
evenly cut with a sufficient precision. Setting magnitude of the bump of an output terminal 4 to 
0.1x0.08mm, height is 0.1mm. About weight 3, it was 30mg. In this size, the acceleration of a 2- 
way was detected by arrangement of a diffused resistor 2 like drawing 8 (b). The specification of 
a diffused resistor 2 was performed by die length of 250 microns, and width of face of 7 microns. 
When gravity detection was performed, it was 3mV in output in the longitudinal direction, and 
was 1.5mV in detection of the vertical direction. Next, 6mm (L1=4mm, L2=2mm) and width of 
face w thickened [ die-length I of the sensor component 1 ] 0.15mm in 0.6mm and thickness, and 
width of face. In this size, the output from which a sensibility ratio in every direction is different 
is obtained. In the field of the automobile, the safety device for lifesaving by side collision called 
a side air bag began to be used in recent years. After a side collision collides, the distance to a 
human body is short, and it has an impact by opening and closing of a door, and is good "at a 
value low about single figure compared with a head-on collision in sensibility. Then, the sensor 
which can be sensed to a head-on collision and a side collision can be supplied by using the 
function of this invention. According to this invention, there is a merit obtained by the sensibility 
ratio of a request of the acceleration of a 2-way. In this invention, the sensor which can detect 
the acceleration of an accurate 2-way by machining can be offered. 
[0012] 

[Effect of the Invention] This invention has the following effectiveness by the configuration 
which was explained above. 

** With one component, acceleration detection of a 2-way can be made easy. 
** The sensibility ratio of 2-way acceleration can be changed and outputted. 
** The device which can be offered by the low price is producible easily. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the perspective view which the semi-conductor acceleration sensor of this 
invention shows. 

[Drawing 21 It is the perspective view showing the semi-conductor acceleration sensor of 
conventional this invention. 

[Drawing 31 It is the perspective view showing the semi-conductor acceleration sensor of 
conventional this invention. 

[Drawing 41 It is the perspective view showing the semi-conductor acceleration sensor of 
conventional this invention. 

[Drawing 51 It is process drawing showing the manufacture approach of the semi-conductor 
acceleration sensor of this invention. 

[D rawing 6] It is process drawing showing the manufacture approach of the semi— conductor 
acceleration sensor of this invention. 

[Drawing 71 It is the perspective view of the semi-conductor acceleration sensor of this 
invention. 

[Drawing 81 It is drawing showing arrangement of the diffused resistor of this invention. 
[Description of Notations] 

1 Sensor Component 

2 Diffused Resistor 

3 Weight 

4 Output Terminal 

5 Wire 

10 Semi-conductor Wafer 

11 Plinth 

20 Diffused Resistor for Horizontal Detection 

21 Diffused Resistor for the Vertical Direction Detection 
30 Package 

100 Side Face 
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